Abstract: Powdery mildew induces significant losses in yield and quality of squash. Therefore, culture filtrates of certain microbial isolates, (Epicoccum nigrum, Epicoccum minitans, Epicoccum sp., Trichoderma harzianum, Trichoderma viride and Bacillus pumilus) were used alone, and in combination with the fungicide penconazole to control powdery mildew in squash, under field conditions. Moreover, GC-MS analysis was carried out to identify the chemical components of the most effective culture filtrates against powdery mildew pathogen. The results showed that culture filtrates of different microbial isolates (except for Trichoderma harzianum) were more effective against powdery mildew in squash than the tested fungicide alone at the recommended levels, in both tested seasons. The results also showed that mixing different culture filtrates with penconazole improved efficiency against powdery mildew compared to using the fungicide alone, in both tested seasons. The efficacy of the culture filtrates of the tested microbial isolates against powdery mildew were due to the presence of a mixture of known antifungal compounds. The results suggest the possible use of the culture filtrates of the tested microbial isolates as alternative to fungicides, in powdery mildew control. Also, this study suggests the possible mixing of the culture filtrate of the tested biocontrol agents with fungicides to minimize the applied amount of fungicides.
INTRODUCTION
Cucurbits play a significant role in human nutrition. Cucurbit crops constitute a major portion of all vegetables and are grown in different regions in Egypt. Squash is a promising export crop which can be readily produced at a low cost during the winter season of Egypt.
Cucurbit powdery mildew, caused by to Podosphaera (sect. Sphaerotheca) xanthii (Castag.) Pollacci, is a serious disease on cucurbits grown worldwide. Powdery mildew occurs on leaves, stems and fruits. Major epidemics reduce crop yields by causing decreased fruit set, inadequate ripening, fruit cracking and deformation as well as reducing post-harvest storage time.
Control methods currently available under commercial conditions include the use of repeated applications of elemental sulphur (Kimati et al. 1980 ) and other fungicides. The constant use of fungicides, however, can result in environmental contamination and selection of resistant populations of P. (sect. Sphaerotheca) xanthii (Castag.) (McGrath 1996; . Beneficial microorganisms and insects are also negatively affected by some fungicides used against powdery mildew of cucurbits. Fungicides that contain high doses of sulphur are particularly harmful to beneficial microorganisms and insects (Calvert and Huffaker 1974) .
These factors emphasize the need for new methods to control the diseases (Wilson et al. 1987) i.e. the usage of natural products or biocontrol agents (BCAs), culture filtrates of biocontrol agents, salts, plant extracts, and mineral oils alone or in combination (Horst et al. 1992; Falk et al. 1995; Belanger and Benyagoub 1997; Daayf et al. 1997; El-Kot and Hegazi 2008; Hegazi and El-Kot 2008; Pertot et al. 2007) .
Also, the reduction of application rates is one of the dominant trends in the horticultural industry. This can be achieved in different ways, by the introduction of new chemicals that are applied at much lower rates, or by the purification of the chemicals, or by the combination of the formulation with an adjuvant or with plant extracts or culture filtrates of biocontrol agents. The adjuvants, plant extracts and culture filtrates of biocontrol agents can be incorporated into the formulation or added to the tank as a tank-mix product. The use of adjuvants, culture filtrates of biocontrol agents and plant extracts have gained more and more acceptance. This is mainly because the cost of the development of new active ingredients is still much higher than the cost of the development of new adjuvants. Bentonit is one of the adjuvants which has been used in combination with fungicides against plant pathogenic fungi. It has been used either alone, or in combination with the fungicides, Fundazol and Bayleton, against Thielaviopsis basicola (Berk. and Br.) (Bade 1995) . Also ElNaggar (1996) used bentonit either alone, or in combina-tion with the fungicide Sumilex against Botrytis cinerea Pers. and Sclerotinia sclerotiorum (Lib.) de Bary.
Recently, in some studies, volatile compounds produced by antagonistic fungi and bacteria have been shown to have potential antifungal activities (Alstrom 2001; Wheatley 2002; Fernando et al. 2005; Kai et al. 2006; Zou et al. 2007) . Biological control of plant diseases by antifungal volatiles from fungal strains have also been carried out under the greenhouse conditions (Mercier and Manker 2005; Koitabashi 2005 ). Moreover, the use of culture filtrates of bio-agents mixed with fungicides to control some plant pathogens, have been reported (Fan et al. 2001; Yoshida et al. 2001) .
Therefore, this study attempted to evaluate the efficiency of certain bacterial and fungal culture filtrates for controlling powdery mildew. The ability to minimize the recommended dose of the tested fungicide (penconzale) by mixing it with certain biocontrol agents filtrates was also investigated. Finally, identification of the biologically active components in the most effective culture filtrates against powdery mildew in squash was made.
MATERIALS AND METHODS

The tested microbial isolates
The microbial isolates which were used in this study were: Epicoccum nigrum, E. minitans, Epicoccum sp., Trichoderma viride, Trichoderma harzianum and Bacillus pumilus. Some of these microbial isolates (E. nigrum, E. minitans and T. viride) were kindly given to us from the Plant Pathology Dept. Agric. Research Institute, Giza, Egypt. While the other bio-agents (Epicoccum sp., T. harzianum and B. pumilus) were previously isolated and identified by El-Kot and Hegazi (2008) . The fungal isolates which we used (E. nigrum, E. minitans, Epicoccum sp., T. viride and T. harzianum) were cultured on potato dextrose broth (PDB) for 15 days at 20-25°C. Then, the fungal and bacterial biomass was centrifuged at 10.000 rpm for 20 min, and the culture medium was discarded. Next, the supernatant was filtered by passing the culture broth through a sterile membrane filter (0.2 μm) (El-Boghdady 1993). B. pumilus was cultured on Kings-B medium in 250-ml Erlenmeyer flasks on a rotary shaker at 150 rpm at 28-30°C. After 24 h, bacterial cell suspension was pelleted by centrifugation at 7.000 rpm for 10 min. Then the supernatant was filtered using a glass filter to obtain cell-free culture filtrate (El-Boghdady 1993) .
The tested fungicide
The tested fungicide used in this study was penconazole; trade name Topas EC 100%. This fungicide is used at a field rate of 5 ml/20l and produced by Syngenta Crop Protection Pty Limited. Penconazole has been highly recommended for control of powdery mildew in vegetable crops in Egypt.
Control of the powdery mildew disease on squash crop in the open field
We carried out our study at the experimental farm, run by the, Faculty of Agriculture, Kafr El-Sheikh University. The randomized complete block design with three replicates was used. Seeds of squash were sown in rows which were 1 m wide and 50 cm long. Plants were sprayed using 25 treatments (penconazole fungicide and/or culture filtrates of different microbial isolates) as shown in table 1, every ten days. Cultural practices, irrigation plus fertilization, and chemical control of pests were carried out as recommended in the program for the production improvement of cucurbits. A disease assessment was carried out, as mentioned below. The different treatments that were used to control powdery mildew were applied 6 h before artificial inoculation. Inoculation was carried out by shaking powdery mildew-infected leaves over the plants until the leaf surfaces were fully covered with powdery mildew spores. The mixing of the tested fungicide and culture filtrates of the tested bioagents, was carried out according to the needed concentrations (75, 50 and 25% of fungicide or culture filtrate of each microbial isolate) in the total sprayed volume. The control treatment was carried out using water. 
Disease severity
Disease severity was assessed after 10 days of the first inoculation (initial disease severity) and three times later with ten days intervals. In other words, the last assessement took place 40 days after the first application (the final disease severity). According to the method described by , the powdery mildew disease severity was estimated by counting visible sporulating mildew colonies on both adaxial and abaxial surfaces per leaf. Five old leaves per plant were examined for five plants in each plot (i.e. 25 leaves/treatment). Assessments were also made on fully expanded leaves from the middle and upper thirds of a plant. Data from all three ageclasses of leaves were averaged together. The initial disease severity varied widely under field conditions, due to the presence of powdery mildew colonies on squash leaves before treatment. Thus, it was worth calculating the disease inhibition (DI %) to evaluate the real comparable efficacy of treatments as follows:
where: CDI -corrected disease inhibition A -the corrected final disease severity of treatment B -the final disease severity of treatment Therefore, the corrected final disease severity (A) was calculated as the product of corrected disease severity as shown in equation 2 according the method described by Kamel (2003) Corrected disease severity = L/M x N
where: L -the initial disease severity of a treatment M -the initial disease severity of the check (control) N -the final disease severity of the check (the control)
Statistical analysis
Data were analyzed statistically by the analysis of variance test and the different means were compared by Duncan's multiple range test.
Microscopic examination
The infected squash plant leaves that were treated with the most effective culture filtrate (100% culture filtrate of E. minitans) were selected to investigate the growth status of powdery mildew fungus. After 24 h of treatment, the leaves were immersed in dimethyl formamide until there was complete removal of chlorophyll pigment and the leaf tissue became clear. The fungal tissue was stained using Lactophenol. Then, the status of powdery mildew fungus on treated squash leaves relative to the control was investigated.
Chemical composition of bacterial and fungal culture filtrates
The most effective fungal (E. minitans) and bacterial (B. pumilus) culture filtrates were selected for analysis to identify the active components in these culture filtrates.
GC/MS analysis was conducted on a HP 6,890 GC system coupled with a 5,973 network mass selective detector with a capillary column of HP-5MS (60 m x 0.25 mm, film thickness 0.25 m), according the method described by Mahboubi and Haghi (2008) . The oven temperature program was started at 40°C, held for 1 min then turned up to 230°C at a rate of 3°C/min and held for 10 min. Helium was used as the carrier gas at a flow rate of 1.0 ml/min, with a split ratio equal to 1/50. The detector and injector temperatures were 250 and 230°C, respectively. The oil compounds were identified by comparing their Retention Indices (RI), mass spectra fragmentation with those on the stored Wiley 7n.1 mass computer library, and NIST (National Institute of Standards and Technology). The samples were analyzed in the Agriculture Research Centre, Egypt.
RESULTS
Effect of penconazole and bacterial culture filtrate alone, and as a combination, on powdery mildew of squash under field conditions during the tested seasons
The results in tables 2 and 3 showed that fungicide and the bacterial culture filtrate significantly reduced the disease severity of powdery mildew in squash relative to the control treatment either alone, or as a combination, in both tested seasons. The effectiveness of the bacterial culture filtrate mixed with the tested fungicide was higher than the use of the culture filtrate or the tested fungicide used separately, in both tested seasons. When the bacterial culture filtrate and the tested fungicide were mixed, the mixture of 25:75%, respectively induced the highest effectiveness against powdery mildew compared to other mixing percentages, in both tested seasons. The effectiveness of the bacterial culture filtrate and its combination with the tested fungicide was slightly higher in the first season than in the second one.
Effect of penconazole and the tested fungal culture filtrates alone, and in combination, on powdery mildew of squash under field conditions during the tested seasons
The results in tables 2 and 3 showed, that the fungicide and the tested fungal culture filtrates either alone, or as a combination, significantly reduced the disease severity of powdery mildew in squash, relative to the control treatment, in both tested seasons. The results also showed, that use of E. nigrum culture filtrate alone, gave higher effectiveness against powdery mildew disease in squash crop than other treatments, in the first season. While the culture filtrate of E. minitans was the most effective treatment against powdery mildew disease in squash, in the second season. The effectiveness of culture filtrates of fungal isolates alone, were less effective than the use of fungicide alone, except for the culture filtrate of T. harzianum, in both tested seasons. The effectiveness of fungal culture filtrates alone, was improved when the filtrates were mixed with the tested fungicide in both tested seasons, except for the culture filtrates of E. nigrum and E. minitans isolates. Furthermore, among the tested fungal isolates, the combination of the tested fungal culture filtrates with the tested fungicide was more effective against powdery mildew than the use of fungicide alone, in both tested seasons, except for the culture filtrate of the T. harzianum isolate. 
Microscopic examination of the treated squash leaves
The squash leaves in the control treatment (sprayed with water) showed complete fungal growth of powdery mildew fungus, since the fungus hyphae developed full anastomosis and conidiophores in their right form. A series of conidia spores in natural form and size can be seen in figure 1A . However, the squash leaves treated with 100% culture filtrate of E. minitans (the most effective culture filtrate) induced morphological abnormalities such as vacuolation, swelling in hyphae and sporangium (Figs.  1B, C) . Figure 1D shows hydrolysis in conidia spores. Then, the fungus completely decomposed as there are no conidiophores or conidia spores (the culture filtrate inhibited the formation of conidiophores) as seen in figure 1E . 
Composition of the most effective fungal and bacterial culture filtrates
The chemical constituent analysis of the most effective fungal (E. minitans) and bacterial (B. pumilus) culture filtrates, yielded the main volatile compounds for each culture filtrate as shown in tables 4 and 5. Nine and eleven compounds were identified from the fungal and bacterial culture filtrate, respectively, with different percentages as shown in tables 4 and 5. The identified compounds belonged to eldyhydes, esters, alcohols and fatty acids. Furthermore, overlapping patterns could be found in the identified compounds in the two culture filtrates. For example, the formation of 2-octenal was detected in both fungal and bacterial culture filtrates. The other detected compounds were found in each culture filtrate alone. 
DISCUSSION
The present study implies that culture filtrates of the tested fungal and bacterial isolates showed high effectiveness against powdery mildew pathogen in squash under field conditions. These findings in our study are in agreement with the findings of many researchers who reported that compounds produced by antagonistic fungi and bacteria have been shown to have potential antifungal activities against plant pathogens (Alstrom 2001; Wheatley 2002; Mercier and Manker 2005; Koitabashi 2005; Fernando et al. 2005; Kai et al. 2006; Zou et al. 2007) . Also, many researchers found that Bacillus sp and their nonvolatile compounds made considerable contributions to the control of plant diseases (Algam et al. 2004; Hou et al. 2006) This study implies that use of culture filtrates of the tested microbial isolates mixed with the tested fungicide worked better against the powdery mildew pathogen than fungicide used alone (Fan et al. 2001; Yoshida et al. 2001) . However, this approach for the selected plant pathogen in this study, with the tested microbial isolates, is considered the first report in this regard. The results also revealed differential behavior of the culture filtrates of the tested microbial isolates with the tested fungicide, indicating a major contribution of the different agents depending on their nature, and possible antagonism rather than synergism in some cases.
It was observed, that analysis by GC-MS for the bacterial culture filtrate, resulted in the presence of different compounds, such as: n-hexadecanoic acid (palmitinic acid), 2-heptenal, 2-octenal and octadecanoic acid (oleic acid) with higher percentages (area percentages). The antifungal activity of the bacterial culture filtrate against the powdery mildew pathogen may be due to the presence of the previous fatty acids and their derivatives (Jay-Ran et al. 1998; Dale et al. 2004; Daniele et al. 2006; Prittee et al. 2007) . Moreover, Pamela (2002) , mentioned that the mode of action of bioagents such as Bacillus sp may be due to the production of lipopeptides such as hexadecanoic acid (palmitic acid), 9 octadecanoic acid (oleic acid) which have a direct effect on hyphae and sporangia of powdery mildew fungus.
